To understand the use of Chromolaena odorata in different agricultural systems and ecosystems, findings of several scientific studies conducted in different areas have been assessed in this review paper. Some authors considered C. odorata as a serious weed because of its ability: to regenerate and colonize uninvaded areas; to be a threat to some ecosystems and environment; to reduce the biodiversity of grasslands, savannahs and forests; and to be a considerable problem in commercial tree plantations as it suppresses the growth of young pine and eucalypt trees. Others argued that the species may be considered as a beneficial fallow plant rather than a weed, because it may be considered as a welcome plant rather than a weed in some agricultural systems, when considering the expected properties of species for fallow improvement. The following are the main reasons why C. odorata is considered as a fallow because of it ability: to be a nutrient sink and its potential benefit to the crop as regular source of organic matter and nutrients after slashing; to have a beneficial effect on exchangeable K concentration; to be used as green manure; to be better adapted as a fallow plant on acidic soils than some leguminous.
Introduction
Chromolaena odorata (L), King & Robinson (Asteraceae, Eupatorieae) is a perennial shrub forming dense tangled bushes 1.5-2.0 m in height, occasionally reaching 6 m as a scrambler up trees. C. odorata originated in subtropical and tropical America, and had a wide native distribution, from the southern United States to northern Argentina, and exhibits considerable variation throughout its distribution (Holm et al., 1977) . MacFadyen Cruttwell (1996) argued that the source of the original introduction is likely to have been Jamaïca in the West Indies. In the Neotropics C. odorata is always found in competition or association with a complex of closely related species not present in Asia or Africa (MacFadyen Cruttwell, 1991) . In the new world, C. odorata is common in most habitats except undisturbed rainforest. It is typically a plant of secondary succession, rapidly invading clearings and persisting until shaded out by the overgrowth of forest trees (MacFadyen Cruttwell, 1991) . Almeida-Neto and Lewinsohn (2004) investigated the spatial distribution of C. odorata, in its native habitat in the Reserva Biologica e Estaçao Experimental de Mogi-Guaçu, Sao Paulo State, Brazil. The authors concluded that the spatial autocorrelation in phenologial traits between C. odorata neighbours may be driven by genetic similarity among neighbouring plants and/or spatial structuring of environmental factors.
Nowadays, this shrub is widespread in subtropical and tropical areas all over the world due to its fast invasion or colonisation and its facility to regenerate; C. odorata regenerates and colonises equally as well through its roots or by high seed production (Wilson, 1995) , and also through wind dispersal of seeds (MacDonald and Frame, 1988) . There are other specific characteristics such as quick germination of plants, which grow to 2 m and form a dense woven canopy that is almost impossible for tree seedling to grow through (Riddock et al., 1991) ; the understory only receives about 70% of full sunlight (Honu and Dang, 2000) . All these characteristics have caused many researchers to recognize C. odorata as a serious weed in countries where it grows (Olaoye, 1986; Michael, 1989; Roder et al., 1994; MacFadyen Cruttwell and Skarratt, 1996) .
In addition, C. odorata is considered as an alien invasive species which negatively impacts the forest in economic, ecological and environmental and social and health terms (Holm et al., 1977; Moore, 2004) . It is also considered as a considerable threat to conservation and ecotourism, as it has first invaded natural area, reducing the biodiversity of grasslands, savannahs and forests (MacDonald, 1983; Goodall and Erasmus, 1996; Matthews and Brand, 2004) . C. odorata has been found to threaten the breeding habitat of the Nile crocodile Crocodylus niloticus in South Africa, by decreasing the temperature of nesting sites by shading and crowding and this can induce female biased sex ratios or may even prevent embryotic development altogether (Leslie and Spolita, 2001) . C. odorata is a considerable problem in commercial tree plantations as it suppresses the growth of young pine and eucalypt trees and allows fire and to penetrate deeper into plantations (Matthews, 2004; Matthews and Brand, 2004) . It can also promote wildland fires (Moore, 2004) . C. odorata may also cause skin problems and asthma in allergy-prone people. Kriticos et al. (2005) revised a climate model of the estimated potential distribution of C. odorata. The authors argued that the revised model reduces the estimated potential distribution of C. odorata, particularly in terms of the poleward and inland extents of suitable climates. This model shows that Mediterranean, semi-arid and temperate climates are predicted to be unsuitable, and supports the previous conclusions that much of tropical Africa, the north-eastern coast of Australia and most Pacific islands are at risks of invasion. Joshi et al. (2006) investigated the possibility of indirect mapping techniques to localize areas, where C. odorata was capable of expressing its invasive traits. The authors found that C. odorata was frequently observed in forest too shaded for seed production and argued that the presence of C. odorata under conditions unfavourable for seed production implies continuous re-colonization of such sites from adjacent seed production populations.
In South Africa, Kluge and Zachariades (2006) found Lixus aemulus, a stem-boring weevil imported from Brazil caused 66.6% mortality of the stems and reduced the dry mass of infested C. odorata stems by 46.6% in a damage trial in pots. Van Gils et al. (2005) argued that promoting a closed tree canopy cover itself will not be sufficient to control C. odorata at Mtubatuba municipability of 20 km (west to east) and 10 km (north to south) in South Africa. While studied allelopathic effects of C. odorata (R.M. King and Robinson) toxin on tomatoes (Lycopersicum esculentum Mill), OnwugbutaEnyi (2001) found significant growth reduction of the latter species with C. odorata aqueous-leaf extract at concentrations as low as 1g fresh weight in 40 ml of water. The author concluded that the presence of C. odorata in a field may result in the accumulation of leachates and residues that are toxic to crops resulting in yield losses.
Similarly, Ambica and Jayachandra (1980) argued that C. odorata possesses allelopathic potentialities and growth inhibitors. Prashanti and Kulkarni (2005) proposed that C. odorata is a threat to agriculture and environment. They reported that there is an urgent need to manage weed growth and its spread so as to maintain ecological integrity of habitats. It was found that C. odorata could be controlled by the introduction of natural enemies. The genetically homogeneous population structure in weeds makes it easier to match a biological control agent to host genotypes and makes this species particularly vulnerable to biological enemies (Van Driesche and Bellows, 1996; Muniappan and Marutani, 1991) argued that mechanical control is labor intensive and not long lasting; cultural control is long lasting, however either mechanical or chemical control program has to be carried out initially to implement the cultural control; while chemical is effective, but expensive, and poses some environmental problems. Ye et al. (2004) studied a genetic structure of the invasive C. odorata in China. The authors argued that because the genetic variation of C. odorata is very low, if a suitable biological enemy was identified effective for control, the various populations of C. odorata in China could have a uniform response to this biological control.
In the upland rice fields of some areas of Laos, C. odorata is the most important weed. However, the interviewed elderly persons could not recollect the dominant weed species before the C. odorata invasion (Roder et al., 1994) . In Ghana, poor natural forest regeneration is due to the invasion of deforested areas by C. odorata (Honu and Dang, 2000) . However, Honu and Dang (2000) argued that tree seedlings were observed under C. odorata canopy and these seedlings positively responded to the removal of the shrub. These findings indicated that release treatment may be an effective way to restore forest to sites previously occupied by C. odorata. Chandrasekaram and Swamy (2002) estimated the biomass, litter production and aboveground net production of herbaceous community and analysed vegetation composition in natural and man-modified ecosystems. The authors found that exotic plant invasions such as those by C. odorata influence ecosystem structure, species composition and ANPP, and argued that the sustainable use of these weeds (extracted from plantations) as an organic mulch in the establishment of young banana plantation, needs to be encouraged to manage its effectiveness. In Southern China, establishment of signal grass (Brachiaria decumbens Stapf) in pasture has effectively prevented germination of the seeds and growth of the seedlings of C. odorata (Renrun and Xuejun, 1991) . They found that a few seedlings of C. odorata may grow in the first two years after establishment of Brachiaria decumbens. However in the third year virtually no C. odorata is noted in these fields.
Some farmers did not consider C. odorata as an aggressive shrub species. Thus, some farmers of Laos found it relatively easy to remove C. odorata from the young plants when it regrew from rootstock after burning. They said that C. odorata growing from seeds had a comparatively low initial growth phase and was not a big problem in the initial growth stage of the rice plant (Roder et al., 1995) . Furthermore, even though C. odorata accounted for 48% of total biomass after the first year of fallow against 37% fallow tree and bamboo species, plant density and percent contribution declined in the second year of fallow in northern Laos (Roder et al., 1995) . Similarly, C. odorata contributed 80% of the canopy cover and was the dominant fallow species (Roder et al., 1995) . All the findings cited have shown that C. odorata is a weed and that classical biological control is used to its iradication.
C. odorata as a beneficial fallow plant
In this second section, we made a summary of the factors that would allow a farmer to decide to grow the species, according to crop, soil or climate. The fallow period is used to limit the development of weeds because they threaten the re-use of the land (Rouw de, 1995). When considering the expected properties of species for fallow improvement such as ease of establishment, large biomass, fast decomposition rate, weed suppression, C. odorata may be considered as a welcome plant rather than a weed in some slash-and-burn systems (Dove, 1986 (2003) argued that infestation of weeds was lower in plots cropped after C. odorata than in the modified natural bush fallow in Nigeria. C. odorata grows dense canopy cover in a short space of time and was able to suppress other plant growth. Moreover, no correlation has been found between period and selected soil fertility parameters and frequency of C. odorata (Roder et al., 1995) . Nevertheless 85% of farmers appreciated C. odorata and qualified it as a 'good fallow plants' or plant they like to have in their fallow fields in northern Laos (Roder et al., 1995) .
These authors argued that various explanations might be given for the preference of C. odorata: absence of negative effects on rice yield; relative ease of control by hand weeding in the rice crop; and fast growth and large biomass production. Some farmers suggested that soil structure improved where C. odorata is dominant compared to the fields with dominant bamboo species (Roder et al., 1994) . Ngobo et al. (2004) argued that frequently farmed C. odorata-dominated short fallows were also characterized by higher litter and crown cover but lower tree basal area and canopy height, compared with bush fallow that had been a forest in the precedent cropping cycle. In addition, Ngobo et al. (2004) found that weed infestations were less rampant on plots planted following a C. odorata dominated fallow than on fields established following a short fallow not dominated by C. odorata. Being a dominant weed and fallow species in slash-and-burn agriculture of humid forest zone in Cameroon, Ngobo et al. (2004) argued that, as for the findings of Roder et al. (1995) and Ikuenobe and Analiefo (2003) , some of the properties that render C. odorata as a 'good' fallow plant: namely fast development during the cropping phase, thus provide protective cover and allow better weed suppression than fallow systems not dominated by C. odorata. Koutika et al. (2002) argued that C. odorata performed better than Pueraria leguminous fallow in acidic soils of southern Cameroon. Furthermore, Koutika et al. (2005a) found that C. odorata is more adapted to acidic soils than both Pueraria and Calliandra calothyrsus in central southern Cameroon, C. calothyrsus more adapted to nonacidic soils. However, in some situations of nonacidic soils, leguminous Pueraria may perform better or similar to C. odorata. Koutika et al. (2005b) argued that C. odorata is a good fallow option in the humid forest zone according to soil acidity and nutrient concentrations, while Kanmegne et al. (1999) also argued that C. odorata lead to an improvement of soil properties. In central-southern Cameroon, Kanmegne et al. (1999) showed that C. odorata had a beneficial effect on exchangeable K concentration on a sandy soil developed on granites and on a sandy clayey soil developed on gneiss, by comparing natural fallow dominanted by C. odorata and fallow where C. Furthermore, NH4 + -N mineralization was smaller in leguminous fallow than in C. odorata fallow and depended on intrinsic soil properties (Koutika et al., 2004) . C. odorata has a fast decomposition rate and might improve SOM quantity and quality (Norgrove, 2007) . In fact, C. odorata decomposed fast with only 36% of its original weight remaining after 14 weeks (Kanmegne et al., 1999) . Litzenburgen and Tong (1961) argued that C. odorata might be used as green manure with good results for low land rice. On an isohyperthermic Typic Kandiudult (USDA), Koutika et al. (2001) found that biological and chemical fertility under leguminous fallow (Pueraria phaseoloides and Mucuna pruriens) were higher than under natural regrowth (mainly composed of C. odorata, Paspalum conjugatum and Ageratum conizoides). The authors found that the beneficial effect of the legumes on N content in particulate organic matter (POM), one of active form of SOM, was small, but yet statistically significant after only 9 months of fallow.
POM and cumulative mineralized C values under C. odorata were better under fallow where C. odorata had been removed, underlining the possible management of this fallow type even though because of reduced weed control, removing C. odorata may bring more problems to farmers (Kanmegne et al., 1999) . In fact C. odorata management may promote the sustainability of a cropping system in the area, since in some cases soil characteristics under natural fallow with dominantly C. odorata had closer beneficial relationships with crop yields (maize, groundnut and cassava) than leguminous Pueraria (Kanmegne et al., 1999) . Moreover, Tian et al. (1998) found higher performance of maize after cover crop-fallow relative to the natural fallow with dominantly C. odorata, and argued that Pueraria could be a better alternative to the natural fallow with dominant C. odorata in sustaining soil productivity over a shortened period of fallow. In addition, Tian et al. (2005) showed that Pueraria cover fallow with 1 year fallow length could be a better alternative to natural C. odorata regrowth fallow for higher maize yield, and Leucaena alley cropping with 1 year fallow length could be a better alternative to natural regrowth fallow for maintenance of soil organic matter.
Nevertheless, one study conducted in low acidic soil of central Cameroon, found that it was not necessary to replace C. odorata with planted leguminous fallow since it performed better or equal to planted fallow, and C. odorata could be considered a beneficial fallow plant rather than be considered a weed (Koutika et al., 2005b) . Studies conducted in central-southern Cameroon have shown that C. odorata is better adapted as a fallow plant on acidic soils (Kanmegne et al., 1999 , Koutika et al., 2005a ) and higher level of POM, an active part of SOM, might be observed in the acidic Typic Kandiudox compared to the Typic Kandiudult (Koutika et al., 2006) . However, the quality of POM (C and N contents in fractions) remains lower indicating that sustainable crop production might be good after chemical constraints are alleviated. A survey conducted in the North West, South West and Littoral provinces of Cameroon, has shown that all farmers perceived C. odorata-dominated fallow to indicate softer and more fertile soils than Imperata cylindrica; the soils in which the latter species is found, require very high labour input for land preparation (Fuambeng Yonghachea et al., 2005) . C. odorata was most effective in weed suppression and in fields where it was the fallow plant there was the lowest weed biomass compared to bamboo or other fallow species (Roder et al., 1995) . While evaluating the size and composition of weed communities under different planted fallow in a rotational hedgerow intercropping system in the forest/savannah transition zone in Nigeria, Ekeleme et al. (2004) considered C. odorata as a fallow plant rather than a weed. The authors considered C. odorata as a natural fallow plant, which was better at reducing weed growth than the planted fallow Leucaena leucocephala. Therefore several findings have shown that most farmer of appropriate region (part of Africa and Asia) may decide to grow the species as fallow according to its response to crop productivity and soil characteristics improvement.
Conclusions
It is apparent that the use of C. odorata is controversial as found by some authors (Roder et al., 1995; Weise and Tchamou, 1999) . C. odorata may be considered either as a weed, i.e., an invasive plant species or as a beneficial fallow plant necessary to sustain agriculture in some part of the world ( Table 1. ). Thus, in some invaded countries as Nigeria, Australia, South Africa and Laos, C. odorata is considered as an aggressive invasive species and a very serious threat to agriculture and the environment (Olaoye, 1986; MacFadyen Cruttwell, 1989; Michael, 1989; Roder et al., 1994) .
In fact, because of its negative impact on the forest in terms of economy, ecology and environment and social and health aspects, C. odorata is considered as an alien invasive species (Moore, 2004) . C. odorata is a considerable threat to conservation and ecotourism since it invades primarily invaded natural areas and reduces the biodiversity of grasslands, savannahs and forests (MacDonald, 1983; Goodall and Erasmus, 1996; Matthews and Brand, 2004) . C. odorata suppresses the growth of young pine and eucalypt in commercial tree plantations and allows fire and to penetrate deeper into plantations (Matthews, 2004; Matthews and Brand, 2004) . It is a threat for the breeding habitat of the Nile crocodile in South Africa, as a decrease in temperature due to shading and crowding of nesting sites, can induce female based sex ratios or may even prevent embryotic development altogether (Leslie and Spolita, 2001 ; Matthews and Brand, 2004 ) C. odorata can also promote wildland fires (Moore, 2004) , and may also cause skin problems and asthma in allergy-prone people.
However, in other part of the world or in other findings, C. odorata was not considered as a real threat to agriculture and the environment. Thus, Chandrasekaram and Swamy (2002) estimated that C. odorata was a good influence on ecosystem structure, species composition and aboveground net production, and stated that its sustainable use as an organic mulch in the establishment of young plantation should be encouraged to improve its effectiveness. Norgrove et al. (2000) argued that in low input systems, particularly those containing crops with a low initial uptake capacity for nutrients, weed management needs to find a balance between the competitive role of C. odorata as a nutrient sink and its potential benefit to the crop as regular source of organic matter and nutrients after slashing.
Even though it is often suggested that leguminous fallow would perform better than C. odorata and that the plant species has serious adverse effects on agriculture productivity (Weise and Tchamou, 1999) , C. odorata has advantages in some agricultural systems. Thus, in slash-and-burn agriculture and on acidic soils of southern Cameroon, C. odorata performed better than Pueraria leguminous fallow (Kanmegne et al., 1999) and Calliandra calothyrsus (Koutika et al., 2005a) . Roder et al. (1995) argued that with a progressive change to shorter fallow periods, the ability of C. odorata to suppress weeds and nematodes could become greater in Laos. However, the authors also argued that properties which are considered as advantages might become serious
